Abstracts. Treatment of leachate before discharge is crucial to ensure the safety of the environment. Application of coagulation-flocculation in reducing pollutant from leachate was proven to be effective. However the use of chemical coagulant will indirectly affect the health of living organisms. To reduce the affect, substitution of the chemical coagulant with natural material can be used. Natural coagulant on leachate treatment was not as effective as chemical coagulant. However, the benefits of natural polymer as coagulants aids had been proven previously. Combination of chemical and natural coagulant as composite coagulant is able to simplify the process and offers many benefits. The aim of this study was to investigate the applicability of composite coagulant made from combination of prehydrolyzed iron (PHI) and tapioca flour (TF) on partially stabilized leachate and was evaluated through percentage removals of suspended solids (SS), colour, chemical oxygen demand (COD) and ammonia. A series of coagulation-flocculation jar test were carried out by considering the effect of dose and pH. Results indicated that at pH 5 and dose 0.2 g/L Fe, the percentage removals of SS, colour, COD and ammonia were 98%, 96%, 60% and 11%, respectively. The results demonstrated that PHITF can be a potential coagulant for the treatment of partially stabilized leachate.
INTRODUCTION
Leachate is a liquid waste coming out from the degradation process of solid waste in landfill. Leachate is considered as highly polluted liquid that can potentially affect the quality of environment and human health. Therefore, treatment of leachate before discharged is crucial for the safety of living creatures now and in the future. Leachate is produced during the decomposition process of solid waste. During this process, solid waste substances (dissolved and suspended materials) and moisture content leached into the precipitated water (water from external source) and produced leachate (Tchobanoglous at al., 1993; Howard et al., 1985) . Typical characteristics of leachate are shown in Table 1 .
Generally, treatment of leachate involved biological, chemical and physical method. However suitability of the treatment method is depending on the quality of leachate (refer Table 2 ). Partially stabilized leachate is considered as intermediate leachate that is in the transition phase of acidogenic into methanegonic degradation process of solid waste. Basically, for this type of leachate the viable treatment option are activated carbon, reverse osmosis and coagulation-flocculation.
Coagulation-flocculation was rate as a fairly good option (refer Table 2 ). However, the effectiveness of the process is dependent on the characteristics of the partially stabilized leachate. If the partially stabilized is near to the stabilized leachate condition, than the performance of coagulation-flocculation will be better.
Coagulation-flocculation is the process of adding coagulant into a liquid to promote agglomeration of too small objects (0.001-1 micronmeter size range of colloid) so it can be easily settled and removed (Masters, 1998) . The performance of coagulation process depends on the type of coagulant used and the characteristics of liquid to be treated. Coagulant is divided into natural (ie: starch, molingaoleifera, aloe vera, guar gum and chitosan) and chemical (ie: aluminium chloride, ferric chloride, polyaluminium chloride and ferrous sulfate) coagulant. Usually the performance of chemical coagulant is much better than organic coagulant. However, chemical coagulant is costly. Furthermore, the effect of the chemical coagulant to human health is the main issue of concern. With all this considerations, the search for low cost, effective and environmentally safe coagulant is very much in need.
To reduce the cost and health effect, the amount of chemical used must be reduced. However, by reducing the amount, the removal performance will be low. Thus, addition of coagulant aid is needed to help in maintaining the performance with lower dose of chemical coagulant. However, its usage is restricted due to the cost factor. Therefore, this initiates the quest for a substitute coagulant aid that is safe for health and economical.
To reduce the use of chemical coagulant, natural coagulant can be seen as the best alternative. Natural coagulant is an environmentally friendly material which would not affect the health of humans and other living organisms. Based on numerous studies of primary coagulant originated from plant material such as cactus oputia, and moringa oleifera, they are only able to moderately reduce pollutant in leachate. Each material used has its benefit and drawback (Mayubi and Brima, 2004; Yin 2010) . To date, researchers are still focusing in finding the optimal condition of sole coagulant, developing new sole coagulant, the best combination of coagulant aid and the best natural coagulant. There is recent interest in developing composite coagulant as enhancement of coagulant abilities. Composite coagulant is made by combining two types of coagulant (organic or inorganic) as one reagent by premixing the coagulant chemically and dosing as single coagulant in the treatment system. This is opposed to the conventional system whereby primary coagulant and coagulant aid are dosed separately. On the other hand by using composite coagulant the dosing operation will be more convenient as it reduces the cost and simplify the process (Gao et al., 2008) .
Most study on composite coagulant combines two chemical coagulant or chemical coagulant+synthethic polymer together. To date, too little attention has been made in combining natural coagulant with chemical coagulant as a composite coagulant. Its application on leachate treatment has not been well established. This study aimed to examine potential application of a combined composite coagulant, namely prehydrolyzed iron (PHI) and tapioca starch flour (TF), used as a composite coagulant in removing suspended solid, colour, ammonia and COD from partially stabilized landfill leachate under the influence of pH and dose.
PHI was made by partially neutralizing the ferric chloride at the target basicity ratios. Even though there are advantages offered by PHI, its inabilities to aggregate as much as the organic polymer hindered its application to become a perfect coagulant (Moussas and Zouboulis, 2009 ). Thus by combining PHI with natural polymer, improvement in the aggregation process is expected. Natural coagulant is the best to be combined with PHI due to its longer molecular chain and weakly charged density. For this, study tapioca flour was selected as the natural coagulant. Tapioca flour is a starch based coagulant that has longer polymer chain with branch-like structure that is able to improve the coagulation process. Furthermore, tapioca flour is abundantly available in Malaysia at reasonable cost.
MATERIALS AND METHODS
Samples of leachate were collected from Matang landfill site (MLS) located in Taiping, Perak, Malaysia. The area of MLS is 12 ha and is more than 15 years old. Every day, MLS received 300 tons of solid waste from area around Matang and Taiping. The treatment process of leachate in MLS is an improved anaerobic system. Sampling and analytical procedures were conducted in accordance with the APHA standard method (APHA, 2005) . The basic characteristics of MLS leachate is summarized in Table 3 . MLS is categorized as partially stabilized leachate, thus coagulation-flocculation methods are expected to work well. The PHI used in this study was prepared based on method described by Lei et al. (2009) . All reagents used in this research were of analytical grade. A solution of 0.1 mol/L FeCl 3 was prepared and freshly made to prevent aging. The PHI was made by slowly adding 0.5 mol/L NaOH into a 0.1 mol/L FeCl 3 at a flow rate of 0.0038 mL/s using an autotitrator with vigorous stirring speed at room temperature. The volume of NaOH added to the FeCl 3 solution was determined depending on the target basicity (basicity = 0.1). Then, the PHI mixture was allowed to age at room temperature for 24 h before being composite with TF.
PHITF was prepared by injecting TF heated solution into 2.85 g/L Fe stock solution of PHI at 0.3 ml/min under magnetic stirring (700-800 rpm) at 50 o C temperature (using water bath) to prevent formation of insoluble product. The amount of TF injected was expressed as ratio of TF/Fe (TF/Fe=0.7). TF solution was prepared by dissolving the required amount of TF in ultra purer water and heated at its gelatinized temperature. Finally, the composite coagulant was allowed to age for 24 hours in room temperature and then stored in a refrigerator. The preparation of composite coagulant was based on Moussas and Zouboulis (2009) study.
Coagulation tests were done using a jar test apparatus (SW6 Stuart, Bibby Scientific Limited, UK). For this study, only pH and dose were considered in jar test process. While the factors listed in Table 4 was kept constant. The dose of PHITF was calculated as g/L of Fe. NaOH and HCL were used to adjust the leachate pH. A 1 L beaker was filled with 500 mL of leachate, followed by the addition of PHITF under rapid stirring and extended by slow mixing. Then, the leachate was allowed to settle. Finally, 50 mL supernatant was collected 3 cm from the surface of the leachate for analysis of the SS, colour, COD, and ammonia removal. The removal percentage was calculated based on the following formula: Percentage removal= (Ci -Cf) x 100
(1) Ci where Ci and Cf are the initial and final concentration of the removal parameter.
RESULTS AND DISCUSSIONS
The dosage efficiency of PHITF was investigated in terms of SS, colour, COD and ammonia removal. The pH of leachate was constant at 5. The removal trend of SS was similar with colour and COD as PHITF dose increased. Ammonia removal was almost constant for all of the dosage tested. Based on the results, SS and colour from leachate can easily be removed by using PHITF. The effect of PHITF on COD removal was fairly good with highest removal recorded at 62%. By contrast, ammonia removal by PHITF was low. As shown in Figure 1 , highest removals of SS and colour were recorded at 0.2 g/L Fe with 97% and 94% removals, respectively. On the other hand, the best removal for COD was recorded at 0.3 g/L Fe with 62% reduction. However at 0.2 g/L Fe, the COD removal was slightly reduced to 58%. As for ammonia, the highest removal was at 0.6 g/L Fe with 17% reduction. At 0.2g/L Fe, the ammonia removal was just 12%. Hence, the optimum dose for PHITF was selected at 0.2 g/L Fe to reduce cost.
To further improve the coagulation process by PHITF, the optimum pH for coagulation was determined at wider range of pH between 3 and 12 with constant dose at 0.2 g/L Fe (optimum PHITF dose obtained previously). The efficiency of PHITF under the influence of pH is shown in Figure 2 . It can be noted that PHITF worked well at acidic condition. The highest removal of SS, colour and COD were recorded at pH 5 with 98%, 96% and 60% removals, respectively. The highest removal of ammonia was shown at pH 12 with 21% reduction. At pH 5, the removal was just 11%. To avoid too alkaline condition which requires post-treatment, pH 5 was chosen as the optimum pH for PHITF. ( SS, colour, COD, ammonia) Table 5 . It can be noted that the performance of PHITF on SS, colour and COD is higher than alum. PHITF and FeCl 3 exhibited about similar performance in removing SS and colour. However, the dose required by FeCl 3 was more than PHITF (Aziz et al., 2007 , Daud et al., 2008 . PHITF also recorded almost the same removals of SS, colour and COD as the case of PAC. In terms of COD removal, PHITF performed better than alum and FeCl 3 . In contrast, by using FeCl 3 with DAF, the COD removal was higher than PHITF. It can also be noted that PHITF did not work well for ammonia as compared to the others coagulants. It can be concluded that except for ammonia, PHITF can work well for all parameters (SS, colour and COD).
CONCLUSION
Partially stabilized leachate treatment by composite coagulant made from PHI and TF under the effects of dose and pH were investigated in terms of SS, colour, COD and ammonia removals. The optimum conditions occurred at pH 5 and 0.2 g/L Fe with SS, colour, COD and ammonia reductions of 98%, 96%, 60% and 11%, respectively. The PHITF performance was better or at par with conventional coagulants. It can be concluded that PHITF has potential to be used as alternative coagulant in the treatment of partially stabilized leachate.
